Aims: To investigate infant deaths in Cumbria, 1950-93, in relation to individual and community level socioeconomic status. Methods: Retrospective birth cohort study of all 283 668 live births and 4889 infant deaths in Cumbria, 1950-93. Community deprivation (Townsend score) and individual social class were used to estimate socioeconomic status. Logistic regression was used to investigate risk of infant death (early neonatal, neonatal, and postneonatal) in relation to social class and Townsend deprivation score, adjusting for year of birth, birth order, multiple births, and stratified by time period, 1950-65, 1966-75, 1976-85, 1986-93. Results: The risk of infant death in all categories was higher in the lower social classes and more deprived communities, although inequality in risk of neonatal death declined after 1975 to such an extent that there was no significant difference in neonatal death rates by socioeconomic status in the most recent time period. By contrast, there was no narrowing in socioeconomic inequality in postneonatal death risk over the study period. Community deprivation was associated with a significant increased risk of postneonatal death after adjusting for individual level socioeconomic status. Conclusions: Postneonatal deaths remain higher in the most deprived communities and in the more disadvantaged social classes. The social, lifestyle, and environmental determinates of adverse health outcomes for children need to be fully understood, and interventions should be designed and targeted at the more socially deprived sectors of our community.
D espite a comprehensive health and welfare system, mortality and morbidity in the UK is higher in deprived communities and in those from the lower social classes. [1] [2] [3] In general, improvements in the health of adults have been greatest for the most affluent, with comparatively little-and delayed-improvement in the health of the most deprived. 2 4 5 Thus, in the UK, there is substantial evidence of widening inequalities in adult health, 3 a problem compounded by persistent inequalities in socioeconomic status and living conditions. 1 5 With respect to children, over the past 50 years there has been a huge fall in infant mortality in the UK, highlighting a general trend of improving child health. 6 However, despite such improvements, infant mortality remains higher in more deprived social groups and is higher than in other comparably affluent countries. 2 7 While there is substantial evidence of increasing socioeconomic inequalities in mortality and morbidity in the UK, 2 3 5 8 the specific role of income in mediating socioeconomic inequalities in health is less clear. 9 10 In particular, there is debate over whether relative income inequality at the community or individual level is the major driver of socioeconomic variations in health. 10 11 Socioeconomic status, such as social class, is a surrogate indicator of a complex social phenomenon, which includes individual income, psychosocial stress, and material conditions. 12 In a previous study we showed that socioeconomic inequality in stillbirth risk in Cumbria narrowed significantly after 1975, although rates remained higher in more deprived communities and among those from more disadvantaged social classes. 13 This study investigated socioeconomic inequality in risk of infant death in Cumbria, 1950-93, in order to determine whether infant deaths in Cumbria showed similar trends to stillbirth rates. Community deprivation (Townsend score) and individual social class were used to delineate socioeconomic status. The relative interplay between individual and community level disadvantage was explored to identify whether the contextual setting of place of birth exerted influence over and above individual socioeconomic status.
METHODS

Setting and data
Cumbria is a rural county in northwest England with a population of just under half a million. It has a rich history of mining and heavy industry, although this peaked in the 19th century and many mines had closed by 1950. Only remnants of industries still exist, including limestone quarrying, steelworks, chemical production, and engineering. The nuclear installation at Sellafield, west Cumbria, has operated since 1947 and is a major site for nuclear waste reprocessing. Although there are few settlements above 20 000 residents, the presence of the Lake District National Park means the area is a popular tourist destination, attracting many visitors and seasonal workers.
The study cohort consisted of all live and still births in Cumbria, 1950-93, derived from the Cumbrian Birth Database.
14 For each birth, year of birth, social class, and postcode at birth were recorded from the birth certificate; birth order and multiple birth indicators were derived. All deaths in the cohort were coded to ICD-9 and grouped into categories based on age at death: early neonatal (0-6 days old), neonatal (0-27 days old), and postneonatal (28 days to 1 year old). The grid reference at birth was derived from the postcode of the mother's residence at birth.
Townsend deprivation scores 15 were calculated from 1971, 1981, and 1991 enumeration district (ED) level census data. The 1991 census deprivation scores were linked to individual births using the grid reference at birth and boundaries of EDs. Because no digitised ED boundary data were available for the 1971 and 1981 censuses, deprivation scores were interpolated between ED centroids using the geographical information systems (GIS) Arc/Info 16 and then assigned to individual births. 13 
Data analysis
To allow for the large reduction in infant deaths over the study period, and because the Townsend scores were derived from different censuses and not strictly comparable, the data were stratified by time period (1950-65, 1966-75, 1976-85, 1986-93) . Within each time period infant death rates were calculated for all social classes (I, II, IIIn, IIIm, IV, V; father not recorded on the birth certificate; armed forces and unknown). The population was ranked by the deprivation score of the ED at birth, grouped into quintiles of approximately equal numbers of births, and the rate for each quintile was calculated.
Inequality in infant death risk between socioeconomic strata (social classes I-V or deprivation score) in each time period was measured using the relative index of inequality (RII). 17 The RII measures the trend in risk across the social strata, allowing for the number of births in each group, hence comparisons of risk in different time periods are not distorted by changes in the numbers of births in each group. An RII of 2 indicates a doubling of risk between the top and the bottom of the social hierarchy. Logistic regression was used to estimate the RII, after adjusting for year of birth, birth order, and multiple births. Because multiple births were included in the analysis, robust estimates of variance were used. 18 The OR for the risk of infant death among children whose father was unrecorded (lone or unsupported mothers) compared to all others was also estimated using logistic regression, adjusting for covariates as before. Analysis was carried out using the statistical package STATA. 19 To investigate the change in the effect of deprivation over time, analysis was undertaken for the time period 1966-93, with the 1981 and 1991 deprivation score variables standardised to the 1971 census, 20 allowing comparison of deprivation relative to 1971. The change in inequality (social class and deprivation) since 1966 was assessed from the interaction between RII and year of birth.
The effect of community level disadvantage (deprivation score), after adjusting for individual level disadvantage (social class), and vice versa, was assessed using logistic regression-adjusting for covariates as before.
The goodness of fit of the final logistic regression models was assessed by the Hosmer and Lemeshow deciles of risk statistic, 21 which compares the observed and expected numbers of cases in 10 groups containing equal numbers of births.
RESULTS
Unadjusted infant mortality rates (tables 1-3)
Consistent with national data, 6 early neonatal and neonatal death rates were markedly higher than postneonatal death rates. Rates for each outcome fell dramatically over time in all social classes and for all levels of deprivation.
There was an increasing rate of early neonatal, neonatal, and postneonatal death with decreasing social class in the two earlier time periods, but little evidence of a social class effect after 1975 for early neonatal deaths, or after 1986 for neonatal deaths. The rates for babies where the father was unrecorded were generally at least 1.5 times as high as in any other group, though this effect was less marked in the most recent time period.
In the earlier time period (1966-75) infant death rates increased with higher levels of community deprivation. However, in 1986-93 early neonatal and neonatal death rates in each quintile of deprivation were very similar. In contrast, the postneonatal death rate was around twice that Table 1 Cumbria in the highest quintile compared to the lowest quintile of deprivation in all time periods.
Socioeconomic inequality in infant death risk ( There was significant inequality in early neonatal, neonatal, and postneonatal death risk between mothers living in areas with different levels of deprivation in 1966-75. However, during 1986-93 significant inequality in risk remained only for postneonatal deaths-the RII indicating more than a doubling of risk of postneonatal death for babies born to mothers living in the most deprived areas compared to the least deprived areas, which was similar in all time periods. The association between inequality (community deprivation) and risk of early neonatal and neonatal death risk attenuated significantly after 1976 (p , 0.05).
In all time periods community deprivation independently accounted for significant variation in postneonatal death rates, even after the effects of individual social class were adjusted for (1966-75, p , 0.001; 1976-83, p = 0.01; 1986-93, p , 0.05). However, social class only accounted for significant variation in postneonatal deaths after adjustment for deprivation in 1966-75 (p , 0.001). By contrast, neither early neonatal nor neonatal deaths displayed significant variation with deprivation after adjustment for social class (p . 0.05 in all time periods). Social class accounted for significant variation in early neonatal and neonatal deaths after adjustment for deprivation in all time periods (p , 0.01), except for neonatal deaths in 1986-93 (p . 0.05) when no effect with social class was found (table 4) . There was some confounding between community deprivation and individual social class. The Hosmer and Lemeshow deciles of risk statistic confirmed the goodness of fit of each model in each time period (p . 0.1).
DISCUSSION
Summary of results
Between 1950 and 1965 there was a highly significant increased risk of infant death (early neonatal, neonatal, and postneonatal deaths) in those from less advantaged social classes. In the subsequent time period, 1966-75, community deprivation (Townsend score) and individual social class were independently associated with infant death risk in all three categories. However, the RII showed that inequality in risk (social class and community deprivation) for early neonatal and neonatal deaths narrowed significantly between 1966 and 1993. By contrast, inequality in risk for postneonatal deaths (social class and material deprivation) did not attenuate significantly during the study.
Births where the father was unrecorded on the birth certificate (unsupported mothers) were at exceptionally high risk of infant death throughout the study period, except for the most recent time period, when the proportion of births in this group had more than doubled, and the characteristics of the women in this group were likely to have changed. 13 This high risk probably reflects not only extreme economic disadvantage, but also more teenage pregnancies, a lower level of education, and a higher prevalence of smoking among this group of women. 22 23 For all time periods community deprivation independently accounted for significant variation in postneonatal deaths rates, after adjusting for individual level social class, but not vice versa after 1975. Hence, in later time periods the increased risk of postneonatal mortality for more disadvantaged women was mediated through community level deprivation. These results provide evidence of contextual influences on postneonatal mortality over and above the risk related to individual factors associated with social class.
Strengths and weaknesses of the study This study covered 44 years, allowing us to investigate changing trends in socioeconomic inequality in infant deaths over a long time period and with a large cohort of over 280 000 births. The Cumbrian Births Database recorded all birth registrations in Cumbria during the study period by date of birth and postcode of mother's residence; hence we had precise data on the population at risk and did not have to rely on census estimates. We were able to incorporate individual and community level socioeconomic status within a unified modelling framework, and adjust for a range of demographic risk factors. However, our findings relate to a small area of the UK, which has a distinctive human and physical geography. Hence, while we can infer specific trends for Cumbria from our results, we are cautious in applying these trends nationally.
Our indicator of community level disadvantage was the Townsend score, derived from ED census data. While EDs are the smallest census unit they do not necessarily represent ''natural'' communities and are not homogeneous in terms of population size. However, EDs are the smallest areal units for which census data are available, and by using GIS we were able to make use of 1971 and 1981 census data despite the unavailability of digital boundary ED data or look-up tables linking postcodes to 1971 and 1981 EDs. We investigated infant death associated with community level disadvantage; however, there was potential for confounding with lifestyle and sociodemographic risk factors that were not included in the analysis, although we were able to adjust for a range of demographic risk factors.
Socioeconomic and temporal trends in child health; comparison with other studies Over the course of this study the infant death rate in England and Wales fell from 29.9 per 1000 live births in 1950 to 6.3 per 1000 live births in 1993 24 -similar to the decline from 34.8 to 4.3 deaths per 1000 live births in Cumbria. However, nationally and in Cumbria, neonatal and postneonatal mortality declined at different rates. Neonatal mortality declined considerably after 1950, particularly during the 1970s. 25 26 This decline was due to improvements in health care, the introduction of special care baby units, better maternal diet and nutrition, changing demographic characteristics, and improvements in the survival of low birth weight babies. The slowing down of the decline in neonatal mortality indicates that further reductions through improved medical care may now be limited. 26 Following a large decline during the 1950s the postneonatal mortality rate has been relatively stable since 1960 in England and Wales, although in 1985 and 1986 an increase was reported 26 -similar trends were apparent in Cumbria. It has been suggested that in some instances special care baby units delay infant mortality, shifting death into the postneonatal period. 24 Postneonatal mortality is related primarily to social and environmental conditions, as opposed to medical care. 25 27 Hence, further improvements in medical care may not tackle the underlying risks that affect postneonatal mortality. Our results of a reduced social gradient in neonatal mortality would be consistent with a reduction in inequality in provision and access to medical care.
Although infant death rates in England and Wales have declined in all social classes, marked differences exist between the least and most disadvantaged groups, with highest rates in the less advantaged social classes. 28 The social class gradient is steepest within the postneonatal period; 25 29 between 1993 and 1995 the postneonatal mortality rate was more than twice as high in social class V compared to social class I, whereas for neonatal mortality the rate was 1.5 times higher in social class V compared to social class I. 6 Evidence also suggests that infant mortality is higher in deprived communities. Morris and colleagues 30 showed a strong positive link between infant mortality and levels of deprivation and educational attainment in local education authority areas in England. Martuzzi and colleagues 31 reported perinatal mortality ratios in the North West Thames Health Region increasing from 0.89 to 1.16 between the most affluent and the most deprived wards. While the Cumbrian data were consistent with national trends, there was clear evidence of an attenuation in social class gradient for neonatal deaths, although not for postneonatal deaths.
Infant mortality has been shown to be higher in England and Wales for women solely registering the birth of their baby compared to other women, although the differential in rates declined during the 1990s for perinatal and neonatal mortality, such that there is now little difference in rates between the two groups. 24 32 By contrast, postneonatal mortality remains nearly twice as high for babies registered solely by their mothers compared to babies registered by both parents. 32 Our findings of no increased risk of infant deaths for unsupported mothers during the final time period contrasts with national trends.
Changing inequalities in infant deaths in Cumbria
Widening socioeconomic inequalities in health have been reported for adult mortality and mortality among children over 5 years old. 1 2 5 6 Thus, in general, the overall improvement in the health of society has been brought about by improvements in the health of the most advantaged, with proportionately less improvement, and sometimes decline, in the health of the most disadvantaged. 3 This contrasts with mortality among infants in the UK, where despite a continuing increased risk in more disadvantaged social classes, inequality between social classes has narrowed. 6 Hence, our evidence for diminishing inequality in early neonatal and neonatal mortality rates-although only for a small geographical area-is consistent with that reported nationally for infant mortality, and in our previous study of stillbirth rates. 13 By contrast, persistent socioeconomic inequalities in postneonatal death risk add further weight to the view that postneonatal deaths are influenced by environmental and lifestyle factors 27 and are less amenable to reduction through medical and health care intervention. We present evidence of an increased risk of postneonatal deaths independently associated with community disadvantage, suggesting that to tackle inequalities in postneonatal mortality social policy and public health needs to be targeted at those most in need. While the focus of such strategies is individuals, our findings indicate that within Cumbria places play a role in creating the context for individual disadvantage and postneonatal mortality. Hence, places need to be considered in policies designed to reduce socioeconomic inequalities in postneonatal deaths.
Our findings extend the debate over the interplay between individual and community risks for adverse health outcomes. 4 10 11 33-36 This debate concerns identifying whether geographical variations in health occur through contextual (community) influences, because places are different, or through compositional (individual) influences, because different sorts of people live in different places. 37 Thus, the key question concerns whether risk factors relate to features of the environment or features of the individual, and crucially, whether there is an interaction between the community and the individual. Importantly, this study found that postneonatal mortality was independently associated with community deprivation, after controlling for individual socioeconomic status. Hence, the risk of postneonatal death associated with socioeconomic status was mediated through a community (contextual) deprivation effect.
Conclusions
In Cumbria, evidence of persistent socioeconomic inequalities in postneonatal death risk contrasts with the trends for much narrower inequality for neonatal mortality, and reflects the different aetiology of this component of infant deaths. These results suggest a key area to focus child health improvements: policies need to target the social, lifestyle, and environmental determinates of adverse health outcomes. The complex mechanism through which socioeconomic inequality in risk of postneonatal mortality is mediated requires urgent attention to ensure that the most vulnerable members of our society benefit from the social and medical developments in the 21st century.
